Ale ﬁ‘ Lecture 1. Cornell University. Lfuesday, November 16, 1965
o

agpects of Gene VYontrol in Higher Orgunisms.

I. Influence of bacterial and pvhage genetic and molecular studies on
genetic and biological concents.

1. Basic genetic manterial: DNA: its bases, i1ts organization; its coding.
2. lode of operation of the genetic system: DNA Replication- DNA polymerase

DNA transcription; RNa polymerase, base sequence of mENA, mRNA
transcriptions through ribosomes; transfer RNa, #ssociated
enzymes. Proteins formed; specificities,

4, Types of genetic couponents in the bacterial am® DNA:

Structural genes

Genes for transfer RNA

Genes for structural proteins

Genes for ribosomes: B, subtilis:

uﬂ
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5. Regulation of action of genes: Induce? and Repressors.

The Uperator--~ reading friome of structural gene
Regulator genes.

Urganization of structural genes: Operons

One Regulstor: Positions. Number of .;enes: thair relations
Operon plus others: one regulator. Arginine,
Regulutors: adjacent to operator: Lac locus.

The activator component: Regulator: positive: Arabinose
ABDC + B The C: Activator.
Lhe feedback mechanisms.

6. Regulation at the xErEXX gene level: not yet clear how this operates,

7. The forgotten type of regulation: Jthe H and H2 duplicate geres in
Salmonella —-- will return to this lat
VA (1Y, o
The host range: Modlflcatlon of phage genome by host.

8. &ffects of episomes: +s0l:ted episomes; the cortrolling episomes
(Austin) (Dawson).

9. [MroxlanTs The ac:eptance of differential roegulation of gene action:
p——
enormous stimulms to reconsider mechanisms responsible for control of gene
action during diffe.entiation of higher organisms.

Although the basic components are the same: DNA etc, the mechanisms
controlling the action of the genes in higher org:inisms are far more
complic=ted, This related to the very highly organized, coii;iex bodies,
the chrowrosores, and the highely organized nuclei,

Ihe extraordinary com lex organizatioun of the chrowosowes and nuclei

grobﬁbly related fb mechanisms controliing the action of genes during
evelopment.



The various components of the chroi:os.mes and the organized nuclei
probably represent the components behaving like those of a computor:
higinly organized set of eensegu tive events, each related to the previous
event:

N Example of this: ®One must consider the caterpillar and the moth:
Y “oth are extraordinary conplex individuals but utilize the same set of
genes.

(z Une must consider polymorphism: mimicry patterns, etc.
The computer: the "Switbh Genes": One or Two mendelizing units switch the
“computer from one sequence of interplay of events to another sequence,
using the same compirement of genes for this.
ok i g0 e f B iy
10. We must consider that regulation of gene action in a higher organism

is a higniy programmed sequence of events from egg to mature individual.
The large number of different components of the chroi..osome are probably the
component elements in this programed seguence. wuestion: What do we

know about these components of the chromosome and what do we know about
individual mechanisms in the system?

IT. The Chromosomes and their component parts: Commom b Og ’WUW 0’%’“““"1}1’

1. Compured to bacterial chromosome, the breadth of the chromosome is
enormous: clearly visible in the light microsoope.

2. Number of DNa molecules within an individual chromosone: Very
recent investigations, taking DNA from the chro..oso es, suggest that

w1,
each chroriosome has relwtively few DNA molecules. (8 to 107) (J ¥
3. The non-DNA components of the chromoso.es:
a). The Histons: Ten different types known. Fall into 4 general
classes:
Ia, Ib, II, III, IV. Based an lysine-arginine ratic

8:1 10:1 1.7:1 0.7:1 0.7l (g ypwioooo (o)

4 1 Same qualitative types of histones in all nucleated orgmisms.
e " " " " " in active and in inactive chromosoues
with very few exceptions.

Wy Some turn-over of histones in nuclei that do not replic.ite DNA
wuantitative differences in h.stones but not gqualitative differences..
Considerable amoumt of evidence that histones related to

repression of gene action. *®ut, what substunces ar-e related
to activation of gene?

b). RNA, new species, rdated to histores. OUne of these RNA molecules
for several of the histones. Metbugy {Remmin
c¢). The residual protein - acid type; Phosopho proteins.
RNA, new species, associzted with this protein. fFawfir , .,

£

d). Fhosopholipids.,



4, The chroi.osorme: an extraordinarly couplex system: Related to
control of action of genes; to mechanisms producing mRNA etc. 2l
mechanisms of reduplication of the chromosomes, etc.

We should expect to find that new, previously unsuspected mechanisms of
protein formation, and replicati.ns may occur with these structures.

5. Bacterial systems: do not have all of these. A few exceptions indicated
and these may help in explaining some of the modes of regulation of
gene action in higher organisms. The one outstunding example is the
control mechanisms operating at the H1 and H2 duplicate genes in
Balmoneila,

III. The relation of the organizati n of the chriwosome parts in the
nucteus(to gene action and repressiono) GuNERAL CONSIDERATIUNS.

1. The active chromatin: dispersed; the inactive chromatin contracted.
a). This realized by cytologists for many years: Example im the

Microspore of plants:

b). Condensed nuclei and chromatin in generative cell; size of
nucleolus.

2. The nucleglus organizer: Special region in one chrovuosoiie.
Function: to produce the nucleolus at telophase; The
nucleolus with the DNA of organizer: related to production of the
cytoplasmic ribosomes. umcs?nnmwdwuww

sxampie of the organizer: its position with respect to the
nucleus; the constance of this osition in the working nucleus,

Slide 1: lMaize set of chrouoso es at pachytene.
5lide 2: The nucleolus chrowosome in maize,

3. The true heterochromatic regions within a chromosone.
a). The heterochromatin about centromeres in Drosophila. The

chromocenter in the working nucleus. Its position with reference to the
nuclear membrane, " Lwwosle"

b). The true heterochromatin in maixe: the knobs: Sliaeé_zo
¢). The relation of the knobs to the nuclear membrane: Slide ﬁt
d). The relation of the centromsres to the nuclear membrane: blide_é

e). The heterochromatin at the ends of chror.osviies: Very visible in
many plants and animlas: Relation to nu lear membrane.

4. None of these types of "heterochromatin" hi:®e conventional genes in
them,

m : . . , ; s
iro 5. The relation of curumat n varts to the nuclear membrane is anighl
i significant as will be indic..ted. S RRERL
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IV, Condensation of chromatinﬁ one form of control of action of genes.

Two distinctiy different classes of this; each , however, is erfectibe
in repressing the action of structural genes,

CLass I:
1. Two nucleatea microspore: The active nucleus and the inactive nucleus.
orgunization of chromatin in each.

2. LYypes of condensation of chrowatin in different nuciei of the same
tissue: rabbit retinal cells in embryo; Beermann photo. Slides 6§, %,

3. Calf thymus nucleus: Frenster, allfrey, liirsky bLab.
a). Appearance of nucleus in light microscope before and after swelling,
Slide 8. Position of condensed chromatin in condensed regi.ns
- Slide 9.
b). Tests of parts of chromatin in such nuclei that produce miRia: 31idel0

¢). The relation of strands of DNA in association witn condensed regions:
figure of Frenster: Draw.

d). Components of chromatin in active and inactive chromatin:
Table 1, rfrenster May, 1965:

Ul ekug G [der
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e). Bffect of additions of pplyanions to active and inactive chromatin:

suggests that the special species of RNA ass ciated with the
residualxRix protein associated with activation of gene whereas
RNA species assocl:ted with histones may regulate in some manner
repression of DNA,

4. The contracted chromatin: Specific types Hr each type of cell.

5.WUESTIUNS: (1) What type of mechanisms controls these nighly svecific
types of contractions of chromatin?
(2) Why are the condensed parts bulked as they are with the
active pa.ts extending from them in all parts of the co.sructed mass?

(3) What is the relation of the nucle.r membrane to all of
this? How does it come into the picture of repression?

(4) What types of det=zrminants control the particular
parts of a chroosoue that will be in the cordensed stage at any one time or
in any one type of cell?

5) What components of the chromosoues a "set" 4
advance so that tée§ will become contracted %h oer%afn cgfls§ K Wﬁgt S%Q-



mechanism serves to releazse these settings? Are they particular elements
assoclaved with the DNA-- the genes? and if so, what are these components?

(6) If (5) is in fact correct, do we have any evidence for such
settings and erasings of a setting?

These questions indicate the extent of our ignoraace of the cuutrol

mechanisnms in nucl-ated organisms at the molecular level. We a.-e not
yet ready to consider in detail any control mechanism in higher organisms at
this level. We must know more about the specifics of chrowosorie cowsposition,

organization of parts, and changes in this that occur,

CLASS IT CONDENSalI NS, This involves the completd cortrmction of an
entire chromosome or of a continuous segment of
an entire chromosome in contrast to Class I
which involves intermittent condensations
within a chromosonmes

1. Our knowledge of the control mechanisms better with this class.
2. The X chronmosome in mammals as an example of this:
(). XY : X chromosome is not contracted.

(b). X X: One X contracted; other X not contracted,

(c). Position of the contricted X in the nucleus: At the nuclear
membrane. Slide 11

(d). Contraction of X when more than twWo present:
XX, XKLL, AXLX, XXLXLXR

(e). Selection of which X to contract: £X female: Uccurs during
development: one X in one cell, &heé other X i. another cell,

(f). MewxxxxxRixxazzgxpxizredxx How is this selection accomplished? L

. Fémainsact
AERHNEX AR XN R Y X RN EX XX A XX X XX B O AR A MR X R AR FEREX Why onely one,

Will consider this shortly after sevsral other cases reviewed,

(g). The CONTRULLING suLmMENT responsible for contraction allong the
chroitiosone,

(1). Translocuations between X and autosomes in the mouse: Russel.

A region of co-trol in the X chromosome., _ o
Contraction occurs to either side of it. L%v%uﬂﬂaqul
Distance controlled by this region
Transloc.tions: autosome genes in line with this, they

become contracted and non-agctive:

. o e gt g PR
Diagrams T = CU NGB
U

o] -
Contraction: Related to control bf one region?

(2). Control of selection process in mammals: will consider
after discussion of other cases. Wwill make discussion clearer
- o



5. The condensation of a whole set of chromosomes: the mealy bug. Coccid.

(a) Male germ line: One set from father: contracted set
Une set from mother: not contracted,

(b) Sperms: Set from father discured during meosis; only set from
mother is carried in the sverm.

(c). The female: regular meiosis:
Some females: produce eggs that develop into females,

Under some cunditions, produce some eggs that
develop into males.

(d). Yhe female embryos: both sets of chromosomes are functional and
euchromatic.

(e) The male embryos: One set--thst received irom father, carried in
the sperm-- becomes totally conden ed: Slide 12. Contracted
chromosories again up against the nucleur membrane. Setting
to do this occurred in germ line of male: then euchzomatic.

(f) Another group of coccids: bame general conditions up to time of

condensation of male set in the male embryos. Instead of
condensation of set, all chrowosoies are el@minaced from
the nuclei at a certain cleavage division.

40 (g): Conclude: some relationship between condensatiocn and elimination
process as tnese are related in evolution. 5umm&1fﬂmma&mlwmﬁgﬂﬁ
Al Ve LA gt |
4. The E for elimination chromusoies in the cecidomyidae:
y

(a). Bgg after fertilizati n:

(b). The pole plasm:

(c). Nucleus associ ted with pole plasm(germ line). Rescued from
elimination. Any nucleus placed here: no elimination will
occur, Elimination will occur if nucleus norma.ly here
replaced by one that would otherwise form soma and have
chromosoines eliminated,

in all nuclei
(d).EChromosomesAset for elimination at particular division in cleavage.

Resuce from this setting by contact of nucleus with particular
“Tytoplasmic component.,

(Must keep the setting in advance for elimination and rescue of this
by cytoplasmic component in mind for later use with * chrowmosomes in
mammals: a rescue Process. )

5. Lo get all of this in focus, will consider the case of Sciara: Controls
of the behavior of the X chromosome:

(a). The germ line of the male: 4 chrs. from mother, 4 from father at

late stage in spermatogenesis,

(b). Sperm.togenesis: leéiotic divisions:
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(¢). The two types of females: All with normal meiosis
X'X = produces eggs, all of wnich develop into females,

XX = produce eggs, all of wnich develop into males,

-

(d). The zygotes and early cleavage nuclei:
Eggs from X'X individuals: Cleavage:
Zygote: X A mother/ X X A father

Cleavage: 6 or 7th division, one £ from father eliminuated.
tmbryo develops into a female,
Eggs from X X mothers:

Lygote: X A/ X X A: Cleavage: both X chromosovires from male

qh/ : i ] eliminated: develops into a male,

(e) Translocstions between autosomes and X. Various ones worked with.

Result: The X chromosoume: $&LLX o
L] M%L& \J
All the aberrant events controlled by XREXHEXXXEXX
some element carried in the tiny short arm of X w . .ch is heterocaromatine.
If translocation occurs in short arm between centromere and Keterochr.atin,
the chromoso.sie carrying this and all of the autosome part: undergoes same
events as X chromosoie. Hifr B o : Mo
Wikip e dut 5
The Heterochromatin carries a controlling element
that accomplishes all of the events, How does it do this?

(f). Transloc tions with aberrant disjunctions:in the females:

t'emale producing females:

Xa/X mothers: Few iggs: No A; only autosomes.
Congyitution of =zygote: O« 4/ X 4L &
slimination: One chromosome £ only : LQOﬂwwmpMﬂﬂdg d*-”“éﬁ:

et owd 714
Translocati n from éﬁt mothers: Wormally male producers ?

v
\

. ) . . A ) \
oome eggss é%%ée chronosoumes with controlling element of X |

Constitution of gzygote:

Elimination: two X chromosoiies in cleavage(from father).

sxceptional females: retain two & chrouwss. e.

//7 ag one particle .
X (g). Suggests: The X (not the £') produces somes substance,in
~ egg before meiosis that can rescufe one £ from elimination
With XX femsles; two such particles. Therefore 2 &
%

A chromosouies may be rescued by 1ite.

—— l '
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6. The relation of Scisara evidence to X chro.osome condens-:tions in
mannmals.

a). a1l £ chromosoc.aes ave set in advance to become co densed duri g
development of embryo.

b). Can be rescued from this by reaction with sowme comwponent in the
cytoplasm,

¢c). Unly one such comuonent produced.

d). This element reverses the setting for condensation.
e). Should be matter of chance which L, 1f more than one present,
will be rescued during stage when rescue occurs.

f). £Y - the X always r scued as no other A present.

££ - Une & rescued in some cells, other condenses; In other ceils,
the other is rescued.

LXX, XXL£, L4XkX - only one X can be rescued; all others are
condernsed.

7. Return to Sciura or the coccids: setting of elements must occur in
the germ line of the father.

Brasing of the setting must occur in
the germ line of the mother,

Llements
8. Certain chrornosomal components,are responsibBle for the control of
of contraction and release from contraction; for repression and
release from repression.

These elements respond to cytoplasmic or intranuclear substances,
previously produced or introduced: as with hormones that
react with the chromosomes themselves-- special purts.

9. If we accept that there aré chromosomal elements, distinct from the
genes, that control their action kmx through v.rio.s typmes of
res onses of the chromatin muteyials, we are a long way on the
road to understanding the mechanisms that operate in higher
organisms to control the action of genes.

V. Uther evidence of the manner by which the action of genes are controlled:

1. Lactic dehydrogenase genes: H and M. Tetrameres:
HbhHH, HHEHM, HHMM, HMMM, MiDMM, Youypg and older individuals.
(Chick; rabbit)

2. Intra-allelic repression: Tetrahymena and Faramoecium



s

5. Multipre genes - verotypes in raramoecium: unly one active at a tiue;
others inactive, e N R A

4, msteriase alleles in maize: ©Co-trol of action of one or the other
allele: Differecnces in diffeeent tissues.

,&m Genetic analysis: Control mechanism associzted with soumetiaing at
ﬁ the locus of the gene,
. 9. Setting of a gene locus at one specific time in one tyoe of cell to
«ﬁ& be expressed in cells some cell generatl .ns later:
m

Position effect: Becker w  locus. Adjacent to heterocaronztin

by transloc..tion.
Gernie set in s.rne cells at this time. L
No effect on the time of setting. Lrfects frequency of
cells that nhave their locus set at this tinme,

Reflects tyve of setting mecnansims that occur during
gevelopment.

%5 6. Alleles tht control the pattern of distrivution in a tissue of the
¥ end vroduct of sequence of gene actiors: Pigment as exumpie.
bady Beetle: Pigment patterns in the &lytra,
Lypes of patterns observed in nanute.
Genetic analysis: Une locus associated with control of

this vatterm. Lach allele of this locus res.onsible for one
particular pattern: for control of production of end product of

genes 1in sequence to vigmwent formation. eletent
Vombinavion of two alleles of t is Mregulator",x=REX
Slide 13 Uvgrlapping patterns.
fuch expresses itself inde endentliy of the oth-r. Thus, cytowlasn

in t is case 1s not a determining factor directly. Time of gere
action of an nllele, number of cells in w . ch actiun will occur
controllied by some com.onent at thls gerne locus.

7. bady Beetle patterns: Can duviicite compietely with maize whore we
know the element at the gene locus and how it operates to
accom Lish these patierns. Tnis will be considered in next
lecture.

V1. Conclusions: There are purticular chrouosomal comconents, car rosomal
eieunents, that are res-onsible for the ¢ nitrol of g¢ene action and
they accumplish this in var ous manners: contr -¢cti.mns ana reiesce
from cortractions; repression ioc+.i.y and releasve fron tnis
reoression.

The Urgonization of the corponents ol the chrosvso .e, their numerous
components, are =zall involved in the orderly cu: trol of thisd I™way Txuwe. - 5
‘q B ST R ;//30 LS00
JUboLiulN: what are the elemen thit are loc-lized at the different
structural gene loci®? what are tne eieuenus composing the true hetsro-

chromatin?  what is tne nature of the setting and reiensze from setting of
such eleuents? Loese are some of the busic gquestions th:t must be solved in
consldering mechansisms 1n oro-nisms with true nuclei that control ih

action of Trne genes.




QUBSTIUN: How many kinds of elements are there that do these
controls?

My conviction: Relatively few such elements. Like a
computor -- not so many different types of elements, but how these are
integrated into a programming system. Qome basic simplicity, as with
structure of DNA,

Il1lustrations: The MmikExx Caterpillar and the lIoth:
same genome but different programing of gene action.

The Switch genes: Polymorphism; Mimicry.
Unly one or two meddeliging units responsible for altering the programming.,

VII. Subject of next lecture: Nature of elements that control the action
of specific genes, their independence of the structural genes,
the variety of modes of control of gene action thatone element can
produce, the extraordinary economy of such elements -- many different
genes may be controlled quite differentially by one system of
elements. The indication that such elements reflect some basic
symplicity in pattern of action just as DA has a basic simplicity
of component parts that can lead to tremedous diversity of effect,

‘ 1. The elements in maize initially discovered because they could
(but n-ed not) trans.ose from one location to another in the chr msome
compiement.

2. Literature: many exambles of phenotypes that resemble those produced
by the controlling elements in maize but no instances that are supported
of the elements that are responsible for this.

3. The transposition of elements to diiferent sites in the genome :

Bacteria: the episomes. el

Higher organisms: Only one case of "transposition" of some
comyonent and this one that contrlls sex. [ Ma@ém\}v\ astptetssd

Sex control mechanism in Megaselia - a fly:
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Blides. Lecture 1

1. Chromosome set at pachytene: maize

2. DNucleolus chromosome at pvachytene:maize

3. Nucleolus chromosome, knobs, pachytene, maize

4. Knobs at nuclear membrane; endosperm of maize, polyploid.

5. FYeulgen stain, pachytene maize; B-type chromosoe centromere.
6. Kitten, 10 day old retina cells: Beerman

7. Same

8. Lymphocyte nuclei: non-swollen; swollen

9. " " swollen

10. " Active and inactive chromatin: autoradiasgraph tes:s.
11. Sex chromosome in embryo tissue of rabbit.

12. ‘“vondensed set of chromosomes in spermatogenesis Cerococcus (mealy bug).

13. #lytra patterns: mgxkX Lady Beetle. Tan, 1946



Cornell University, w“ecture 1. <+mesday, Nov.wi6, 1965
ABPLCTs 0F GENE CulTROL IN HIGHuR ORG.LNISKS.

I. The influence of bacterial and phage genetic and molecular studies on
genetic and biological concepts.
1. DNA - mRNA (myypolymerase) — trunsfer BN4, riBosoues etco Dﬂﬂﬂ#ﬂmﬂu
2. Types of genes: structural, sRNA, rRNa, regulators, suppressors,
Uperator- operon. Regudation.

3. Regulatory mechanisms: not yet clarified,
4., The odd types of control in bacteria:
Hl—H2 duplicate genes: [Fhase variation
Lpisome control of gene action: Taylor; Dawson.

Host modification of phage: Modification of phaze genome -
restriction of host.

5. lmpor.ance of the "odd" types: particularly the H,-H, duplic:te genes,
1 72

II. Types of gene control that have been e.amined: Lxamples.
1. At the molecular level: gemOblobin in young and older individuals.

Lactic dehydrogenase: Two genes, M,H, <he tetrameres. Young
vers older embryos.

Esterases in maize: Timing of action of different alleles:
coitstancy for an allele: Control: genetic methods,

resides at the locus of the gene. WW“M(M%MM

2. Yaramoecium and Tetramymena: Intcrallelic repression. <Liming of
event.
Series of genes for serotype: 1l4; only
one active at a time; otier dlluplic te" genes turned off,

Other genes: behave similarly. *iming
of events: controlled. Chages through environmental chan:es:
the serotypes.

3., The position effect in Drosophila: Becker: white locus next to
heterochromatin: timing and frequency of this. sf-ect of Y.
Yoes not alter time of event; alters frequency among cells in
which event occurs.

4. The progeins of the TS comp.nent of antibodies: amino acid differences
in one segment of this component.

5. Controlling elements: maize. Combonents that may be identified and
characterized; serve to modify gere action and at particular times
and in particular manners.

6. The effects of hormones: act at gene level. iffects only in certain
cells. Uombine with chromosoie - some eviderce of thix



IIl. The components of the chromoso .es in nucleated organisms:

1. Enormous difference in associauted components of DNi between
bacteria and organisms with chromosomes and nuclei.

2. This difference: undoubtedly associated with mechanisms of
reproduction of the chromosome and with control of gene action
during diffeventiation and in individual cells, already differentiat

3. Number of VNA molecules per chrouwoso:e: few. Number of replicons:
a number oif them psr chromosone.

4. The components of the chromos.ue:
Histones: Lycfne rich and arginine rich:
Rasidual protein: acidic
Ihe new RNA species: with histones; with basic protein.

“*he phosphoproteins; the phospholipids.

5. The Histones: have been the candidate for repression of gene action:

a). Histones in sctive and inactive chromosone parts: not diiferent.
oome turn-over of hisones without replication of Diia,

b). Wh:t histones might ce doing: <escribe shortly;
6. The organization of parts of chromosoues in the light microscope:

(1). "he nucleolus organizer: “unction; cytoplasmic ribosomes. )
slides 1, 2.  ®ddim T bedded tp. >Co— B oubbll

(2). The true heterochrumuatin in the chrososo es: psotions.

About centromeres in Drosophila and other orgunisms.
Appearance in the nucleus,

4% ends of chrouoscmes; At specinl regi-ns: knobs in maize,
(3). The position of the diffe ent purts 1n the working nucleus:
olives 3, 4, and 5.
(&) ©UHE IrrORCa0JE Or Tir agwtToN OF ranTs Cf CdMo.ousy. o5 Tu fHe
NUOLLnR MEMBRANE!
and repression

iv, Theféctivutionhof genes tnrough difierential condensations:

TWO CLaondd OF DIrds sSullan CUOMDENSaCION: Sald ARSSOTS RuramsSIoN OF
GoNg ACTIUN,

I Chr.

(@2

l. ULJ."LQ

>

(1). Relation of condensation to gene action: long known by
cytologist: Lxample in two nucle ted pollen grain, (””“\

(2). Examples of differential co.dens:tion in nuclei of ceils of
same tissue: 3Slides 6 and 7.



(%3). The extensi e studies of Calf thymus lymphocytes in Hirsky
laborastory, Rockefeller Institute.

a). The appe:rance of the nuclei: Before and after svelling.
olide §: olide 9,

b). Lhe position of the cordensed purts with respect to the
nuclesr membrane.

c). *he tests of the active and the inscitive chromatin:
fadioactive uracil - positions of formation of Ria
autoradiograph: Slide 10. (position of c wenced parts).

d). The mode of connections o: the parts in the condensed regions

oross linkages betw -en strands produced by lycine rich
histones: associ:ted with ohosphoric acid group of DNA

This histone associ:ted with the repression process through
maintaining the clumps.

Arginine rich histonest! also associ=vted with the phosphoric
acid group of DHA but combine along sice of Difd,
7 w Sl & e
(4). Each nucleus,has its own type of contraction of chromatin, .
involveng diffe.-ent parts of the chromosoues—— diffe -ent genesa&ymw&vK&&“Wm(
>4
1Qmi(5). The major question: how does the differential control’ take place?
Wwhat genetic components are involved in this?
’ Jifi) SV ERASY 22Ty
(6). 4 scheduleof differential seyuences of condensations must be
present from zygote stage on, if co..densation is one of the mechanisms
of control of gene action, Tuee- afinn o, o e

(7). are there special elements in the chroilosmes that are -ssoci- ted
with this? Return to case of control of esterase alleles in maize:
control of time of action is different for each allele, ‘he control
of tihis for these alleles is associated with some component at the locus
of the gene itself,

Controlling elenents in maize: these are candidates for such
elements that serve as co trols of gene actioni ﬂ\z% +wwwmwﬁmw
o p ouddiy
(8). Do we h:ve other evidence of controlling elements or ¢ rtrol
regions within the chrumosomeﬁﬁhnﬂMM/maﬁpf

(a). the behavior of the B-type chrou-osome in maize at
pollen division. control of non-disjunction:

the locition of the signaler for this: at heterochr m tic
The location of the Pe@%&*ef b6 the signals: near the
centromere end of the chro osore,

Both must be present for non-dis junction to occur, iﬁfu?v“

o,
" ,,;;‘ 2}

bt

Lvidence from rye chromosoiie: B-tye here: similar to maize

Two element system of cortrol of non-disjunctions, at
specific stzage in development,

(b) +the relationshi€ of stage to the effectiveness of wntrolling
elements, ‘his brings us to the Class II type of
condensation.
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CLASE IT CONDENSATIONS: Condensation of consegutive regions:

Yarts of a chromwosome; whole chrorosoi.e; whole set of chrs,
Known to be inactive for genes. IiPORTLuT

1. Example: X chromosome in mammals:

non-contracted
XY, XX, LXX, XXLX, XXXX: ©Selection of £ to be mmxxyxmzxiEx, if more
than one present. ®f otihn R cotimbad:

Fosition of X in nucleus: Slide 11

nypothesg&s: All & chromosomes donaitioned for contraction; one only
is rescued from the&s.

2. The control region for the contraction: the responder to some
signal, In one region of X chrorosoue.

The tests in mause: X Autosome transloc-tions.

Results: contraction to both sides of the control regiondnudee!
males  Wimo
5. Condensation of whole set of chromosomes: mezly bugs:, the set
received from the father: ©Slide 12, rPosition in npcleus,

This set represents the set previously received from the grand-
mother.

Butline: Females: female producing;

came female, eggs laid later: Male proaucing.
prbagr™

Set from father in females: euchromatic
A

ultgd

Set from father in maleg: heterochromatic.

IMPORTANT: Set from father: condetioned to condense; rescue from this

occurs in egfs destined to produce females; no rescue
from this if it is to produce =2 male.

SLITTINT PROCESS: Setting occurs in the germline of the father in the
chromosome set it had received from its mother.

Heterochromatic set it received from its father is
discarded; does not get into sperm.

4. The relation between setting for heterochromatization and for
elimination: uses the same mechanisms: @wﬁu&uuayffw%wuwf

some negly bugs: Set from father is elimigﬁted in early cleavage of
cells destined to become soma cells$®’™ This important for my
thesis,

V. The control of the elimination process: reaction of chroirosores destined

for elimination during cleavage %o cytoplasmic substance which
rescues this: Cecidomyid.



1. The Bgg: Pole plasm. The reticulate substance in pole plasm.
The pole plasm and the germ line,

a). Normal behaviors:

b). To show tne rescue from elimination related to reticulate substance
(but not the pole plasméi. Exanple of one type of test:

Ligature:

c). Centrifugation studies: Any nucleus that comes adjacent to
reticulate substance will have its E chromosomnes rescued
from elimination process.

VI. The tests of the res.onder and the signaler for the elimination process
in oSciara and the rescue mechanism. Its relation to control
of EXIm¥mxximn condensation of only one X in mammals: the
rescue from condensation of only one £,

1. Sciara germ line of male: later stages; leiosis; constitution of
sperm.
2. The Females: Two types:

' X: <Yfroduces only females, normally

I § <

X: Produces méles only. <)
e

y
To show that the signaler is,in the X and not the X* chrormoscue
and that the refd¥¥¥r is in the heterochomatin, at one location
in the X  received froum-the—fatler, This rﬁﬁﬁiﬁ%& component

was set in male germ line: to Bffect elimination of both
& chromosomes during 7th or 8th division.

Ayt

= The eligpinations of X in gExmxXixex soma of eggs produced by N
sggs of X~ X females: only one of two sister X chromoscmes from father

mo"m X X Females: mrX) bgﬁp & chroviosomes from father elikin- ted,




5. Relation of control of elimination in the soma cells to product
of the X' chromosome:

Females: X' X== normall female produces: one £ from male elimin=ted.

Non-disjunctions:at meiosis: No X chrumosone in eff nucleus
Zygote: 1A +2X1A
ooma elimination: One X only eliminated.
Female: XX= normal zygote 1X + la 2X + 14,
Soma: elimination of both £ from father.
Nondisjunctions: 2 X chromosomes in eg€ from mother.
sygote: 2 K + 1 A/ 2 X + 1 A,
“oth X chromosomes from male elimin ted.
Hypothesis: Both X chromosoues from father destined for elimination
in the soma. X chromosome produces some "particle"
that is able to rescue only one £ chromosone. iwust be

in cytoplasm as in non-disjunction case, no X from female
in the zygotes.

Setting: Occurs to element locuted in het rochrow:tin of X:

XAXX A
9
£~ Autosome transloc:tions:

Any part of chromosoue complement th:t carries this
element will follow elimination path, non-disjunction
path at meiosis of male.

Best trunsloc tion: ZAL..eeeoeeePeeoococcocecssnssso

X

.|

vetting occurs during germ line of male to this elewent.
Rescue occurs in soma of feumales to one eleument

No settings occur to this element, leading to elimination in germ line
of female. Unce rescued, remaines rescuéd until it a.nin
passes Through germ lire of mule,

4, The relation of the Sciara cuse to X chrowosones in mammals: Lhe
setting region:for condensation.

Unly one £ rescued. vignaler not in £ chromosone probably. ~hould
be in oune of the autosomes,

VII. The setting of the controlling elements in maize and the resetting
process. wWill discuss laters



